Abstract This review presents a synopsis of the current research in the field of peripheral and central neurostimulation for dysphagia and its relationship to advancing our knowledge in the field of human swallowing neurophysiology. Advances in the field of neurorehabilitation of motor systems in general have led to a wide range of approaches and are currently under rigorous investigations. Our field of dysphagia neurorehabilitation is sharing some of the formulated hypotheses and concepts for functional rehabilitation with neurostimulation. Importantly, results from studies looking into the cortical and subcortical control of human swallowing have been used as working hypotheses in the dysphagia neurorehabilitation field. For instance, based on our knowledge that peripheral and central inputs influence the swallowing network, experimental paradigms targeting swallowing neural reorganization have been trialled recently, prior to their translation into clinical practice for dysphagia rehabilitation. Here, we highlight the recent findings in the past year with the intention to stimulate potential research questions not yet investigated.
Introduction
The science of 'dysphagia rehabilitation' is continuously evolving, both in research and clinical practice, mainly due to two influential frameworks. Firstly, the framework of evidence-based practice, which ensures that we promote health and provide care by integrating the best available evidence. Secondly, the emerging role of neuroplasticity, which allows us to understand 'how' and 'why' positive long-lasting changes in neural pathways and synapses can be promoted by rehabilitation. Both concepts have evolved increasingly in recent decades. As a result of the convergence of these ideologies, neurostimulation approaches in dysphagia rehabilitation have now surfaced. Promising published evidence of the past year is reviewed in this context, together with some questions and future directions that remain to be answered and investigated. Rather than attempting to produce a comprehensive systematic review, here we provide information about the breadth of neurostimulation in rehabilitation, how the dysphagia field is currently incorporating these concepts into working hypotheses by exploring different forms of neurostimulation, followed by a review of the current evidence on neurostimulation in dysphagia rehabilitation.
'Exposition': Neurostimulation in Rehabilitation
Undoubtedly, the range of 'neurostimulation approaches' in rehabilitation sciences is increasing. Initially, the term neurostimulation referred to approaches in neurological rehabilitation such as deep brain stimulation for Parkinson's disease and vagal stimulation for epilepsy. Nevertheless, studies on the neurophysiological properties of other systems [1] such as the limb function [2] or visual cortex [3] have pioneered the search for components and networks (neural and neuronal) of the peripheral and central nervous systems that could be modulated and harnessed for therapeutic purposes in the rehabilitation of neurological disease/impairment. For instance, brain stimulation with transcranial magnetic stimulation (TMS) has been utilised for diagnostic and therapeutic purposes related to neurological diseases [4] . Transcranial magnetic stimulation is a safe and non-invasive technique which uses strong electric currents delivered though a coil of wire to generate rapidly changing high-intensity magnetic field. Perpendicular currents of sufficient strength are generated to depolarize neuronal elements and evoke electromyographic responses on the targeted musculature [4] .
Widely explored in the past two decades, brain stimulation techniques have proven their potential to modulate brain activity. These neurostimulation techniques include the repetitive TMS (rTMS), during which TMS pulses are delivered at specific frequencies to either excite or suppress neuronal processes (depolarizing or hyperpolarizing neurons). Research with neuroimaging following stroke showed a period of critical increase in activity within the intact limb primary motor cortex (MI) (unaffected hemisphere) [5] corresponding behavioural gains in limb function [6] . In stroke patients, following the observation of abnormal interhemispheric inhibition from the unaffected to the affected MI [5] , inhibitory rTMS (low-frequency) has been used to suppress the cortical excitability of the unaffected MI in stroke patients with hemiparesis, in an attempt to restore excitatory interhemispheric balance [7] [8] [9] , while excitatory rTMS has been used to potentiate the excitability of the affected MI [10] .
Transcranial direct current stimulation (tDCS) is another neurorehabilitation technique in which a weak electric current (approximately 1-2 mA) is passed over the brain. The effects are dependent on a combination of parameters such as the current strength, duration of stimulation and electrode montage [11] . It appears to be both safe and well tolerated. Transcranial DCS can alter brain excitability with further behavioural effects depending on the site of stimulation in stroke patients [12] . As for the translational aspect of this neurostimulation technique, tDCS offers advantages if used in the clinical setting, since the equipment is small, relatively cheap and portable.
Since the mid 1960s, peripheral neurostimulation has shown encouraging effects within the rehabilitation field. It has been used in several forms and disciplines, from physiotherapy to management of refractory pain and migraine management. Peripheral neurostimulation with different stimuli (but mainly electric) provides a dynamic afferent input. Electrical stimulation can elicit an action potential in nerve axons through the delivery of an electric charge to an axon, inducing localised polarisation. When applied to motor neurons, this can be used to generate muscle contractions (musculo-cutaneous reflex), with specific components of this reflex being at a latency consistent with activity in a transcortical pathway. If electrical stimulation is applied to ascending axons of sensory neurons, studies have shown potential contribution to cortical motor reorganization. Peripheral electrical stimulation has been shown to have a direct effect on intracortical inhibition [13] . In neurorehabilitation, electrical stimulation from the periphery can be used with the end result of increasing dynamic synchronisation activity between cortical sensorimotor areas and muscle activity during voluntary movements [14] [15] [16] .
It is of interest to mention at this stage that the efficacy of the different neurorehabilitation approaches in the literature is subject to supportive evidence that any long-term beneficial effects are due to changes in neuronal activity. For instance, the cortical motor neuronal activity is subject to changes of the major excitatory neurotransmitter (glutamate) and major inhibitory neurotransmitter (gamma-aminobutyric acid, GABA). The balance between these neurotransmitters plays a vital role during the acquisition of new skills. Moreover, one of the most important concepts in rehabilitation is long-term potentiation (LTP) and its role in the induction of plastic changes [17] . LTP is a long-lasting enhancement in signal transmission between two neurons that results from stimulating them synchronously. It is one of several phenomena underlying synaptic plasticity, the ability of chemical synapses to change their strength. The reduction in synaptic strength is called long-term depression (LTD). The neurostimulation approaches reported in the literature attempt to drive neuronal networks changes and to mimic these LTP/LTD effects, previously observed in animal studies.
Ideally, non-invasive brain stimulation and peripheral stimulation could serve as complementary or adjunct therapeutic modalities, boosting adaptive neurophysiological processes following lesions and suppressing or even preventing maladaptive neural damage [18] . Latest reviews on the effects of neurostimulation targeting the brain, the peripheral nervous system, or both the CNS and PNS in combination in relation to different functions, (i.e. speech, limb movement, language) conclude that neurostimulation has the capacity to promote positive rehabilitation outcomes, and that further evidence is needed [19] .
'Overture': Neurostimulation in Dysphagia
Swallowing is the output of a very precise multidimensional interplay between different brain areas, translated into a well-tuned coordinated muscle activity. The working hypothesis for the use of neurostimulation in dysphagia rehabilitation derives in part from work in primates and subprimates [20] [21] [22] [23] [24] [25] [26] and others, which has provided evidence for the effects of descending cortical command signals on brainstem pathways in regulating the swallowing mechanism.
The swallowing neural network regulating the oropharyngeal midline structures is different from models of limb functions in several accounts but most importantly with regards to (a) the existence of a cortico-bulbar-cortical loop [20] , (b) the bilateral non-competitive interhemispheric cortical processes, showing a form of dominance as opposed to strict 'laterality' and the less competitive hemispheric interplay compared to the limb model [27] , and (c) the importance of the afferent inputs in swallowing. These important parameters warrant consideration in working hypotheses regarding the induction of changes not only with neurostimulation, but also with experience-dependent and behavioural rehabilitation in dysphagia. Recently, physiological studies with electrostimulation of superior laryngeal nerve (SLN) in animals have provided additional information about the relationship between laryngeal sensory input and the jaw opening reflex following swallowing [28] and the role of SLN sensory inputs in aspects of pharyngeal swallowing and esophageal reflexes [29] .
In summary, networks of neurons in areas of interest for swallowing, i.e. brainstem central pattern generator and fiber tracts along the projection from cortical to brainstem levels, may be amendable to the use of peripheral stimuli from the oropharynx or central manipulation of cortical neuronal processes within the representations of swallow-related musculature in humans, as observed in animal studies. Peripheral stimuli used in neurostimulation techniques for swallowing rehabilitation attempt to affect or modulate the 'threshold' for the fine-tuned drives and processes with the ultimate result to increase synaptic output of these populations of neurons [30] . Alternatively, in the case of neurological damage, the end-result might well be the restoration or unravelling of plastic capacities of the brain that will allow behavioural gains. Transcranial magnetic stimulation has also been heavily used in dysphagia rehabilitation, in several forms (both excitatory and inhibitory). However, it is important to state here that TMS on cortical areas in a subthreshold modality does not elicit reflexive swallowing, but simpler responses are excited in swallowing musculature.
Working Hypotheses in Dysphagia Rehabilitation
As mentioned before, based on pioneering work in animal studies, there are now different neurostimulation approaches in dysphagia rehabilitation. It is also now realised that neurostimulation approaches should be of the optimal dose, intensity, frequency, repetition and duration for the swallowing network to adapt in a positive manner [31] . Swallowing network circuits are sensitive pools of neurons interconnected to coordinate the vital sensorimotor function of eating. Information about how neuronal processes for neuroplastic changes can be amended by neurorehabilitation is therefore important.
Neuroimaging and neurostimulation studies have provided insights into the activation patterns of the swallowing sequence and muscle activities (for reviews [32, 33] ). The most consistent areas that are activated in these neuroimaging studies include the primary sensorimotor cortex, sensorimotor integration areas, the insula and frontal operculum, the anterior cingulate cortex, and supplementary motor areas (SMAs). We also have evidence for the patterns and processes of brain adaptation to brain lesions, in particular hemispheric acute and focal (stroke) [34] , but less clearly defined for the diverse and sparse neurodegenerative models [35, 36] , although recently we observed some evidence for patterns of cortical adaptation in Parkinson's disease when 'on' medication compared to healthy aged-matched controls [37 • ]. For stroke in particular, studies with TMS showed that the cortical map representation of the pharyngeal musculature in the undamaged hemisphere markedly increased in size in dysphagic stroke patients who recovered swallowing, whilst there was no change in patients who had persistent dysphagia or in patients who were non-dysphagic throughout [34] . These observations imply that over a period of weeks or months, the recovery of swallowing after stroke may be reliant on compensatory strategies of cortical reorganisation, through neuroplastic changes that are mainly observed in the undamaged hemisphere, which has been observed in an fMRI study recently [38] .
During the past year, research in dysphagia neurostimulation has been built upon the results or used the framework provided mainly from the following studies: (a) stimulation of the pericentral cortex or the frontal cortex can evoke swallowing in primates [24, 26, 27] , (b) electrical stimulation of the pharyngeal branch of glossopharyngeal nerve can elicit the swallowing reflex [39] , (c) bulbar-cortical-bulbar feedback loops participate in the pharyngeal phase of swallowing [20, 25] , (d) swallow-related neurons in the medulla are influenced by spatial summation of afferent stimuli [40, 41] , and lastly (e) the repetitive electrical stimulation of SLN can evoke swallowing reflex in a number of animal species [26] .
In this review, we are only discussing literature with peripheral (electrical and non-electrical), central-brain neurostimulation and a combination of both peripheral and central in patients (Fig. 1) , acknowledging the fact that behavioural exercise approaches are also being promoted through rigorous research in providing evidence for driving neurophysiological changes [42] [43] [44] [45] .
Peripheral Neurostimulation
There are several different neurostimulation approaches delivering peripheral neurostimulation in patients. Although the initial work in animal studies produced more 'stereotypical' responses [21, 39, 46] , there is a marked variability in the elicitation of the swallowing reflex in humans. Some of the neurostimulation approaches, not utilising direct electrical stimulation are thermal, tactile, gustatory and air-puff stimulation.
Air-puff pulse stimulation is a promising technique, employing bilateral repeated air-puffs to the posterior peritonsillar regions, resulting in an urge to swallow, as already investigated in young [47] and older [48] healthy adults. This year, a case-series proof-of-principle study was published showing increased rates of saliva swallowing in dysphagic stroke patients when bilateral air-puff stimulation was applied [49 • ]. Neurophysiological studies using fMRI to examine the effects of air-puff stimulation with fMRI showed bilateral brain activation within primary somatosensory and motor cortices, thalamus, SMA and polymodal areas in the past [50, 51] . Further work with controlled trials to determine the clinical efficacy of this promising technique in larger number of dysphagic patients is anticipated over the coming years.
There is also recent evidence for potential changes in neurophysiological processes by gustatory afferent stimulation. As mentioned before, afferents in the oropharyngeal areas enable the elicitation of the swallowing reflex while transferring information via mechanoreceptors, taste receptors, chemical receptors etc. In several research studies afferent pathway stimulation of the swallowing network has been utilised as a means to aid swallowing performance [52] . A recent example of the effects of gustation on swallowing is the use of cannabioids in the animal literature to facilitate the swallowing reflex elicited by SLN electrical stimulation [53] . Another such example is a recent study in healthy participants with carbonated water swallowing, which showed that carbonated liquids had a direct effect on reaction latencies of the pharyngeal swallowing and increased the number of correctly performed challenged swallows (swallows within a predetermined time-window) [54] . Moreover, there is evidence that orophangeal afferents express the polymodal transient receptor potential vanilloid 1 (TRPV1) [55] , projecting to the supramedullar structures and to the nucleus tractus solitarius in the brainstem, allowing the involuntary onset of swallow response and modulating volitional swallowing. Recently, a large case-series study observed that stimulation of TRPV1 by capsaicinoids strongly improved safety and efficacy of swallow and shortened the swallow response in older patients with dysphagia (mixed stroke, neurodegenerative and aged patients with dysphagia) [56 • ]. These findings suggest the clinical potential of capaicinoids in dysphagia rehabilitation. We anticipate larger and randomised trials to validate the efficacy of the stimulation of TRPV1 as a pharmacologic strategy for oropharyngeal dysphagia management, as well as further neurophysiological outcome measures to assess the underlying mechanism in various dysphagic populations.
Interestingly, the majority of published clinical studies in the past year employed neuromuscular electrical stimulation (NMES), which uses an externally applied electrical current on the area of the anterior neck and/or in the suprahyoid area at motor or sensory threshold levels. The rationale behind this technique is that stimulation of the muscle fibres can 're-educate' the functional swallowrelated muscle contraction patterns [57, 58] . In the past year, the technique has been applied in stroke [59-61 and others], head and neck cancer [62] , Parkinson's disease [63] [64] [65] , paediatrics [66] and mixed aetiologies patients populations [67] [68] [69] . The results of these studies, which employed various study designs (case series, cohorts, RCTs) are not conclusive since the stimulation parameters used across the studies were different. Moreover, researchers have used various combinations of stimulation and behavioural interventions in their protocols (i.e. effortful swallowing [70] ). This heterogeneity is the direct outcome of the insufficient preliminary background work [77, 78] ). Meanwhile, a recent metanalysis [71] showed that NMES is not superior to traditional swallowing therapy in clinical functional outcomes in stroke population, but there may be some benefit when applied to dysphagic patients of varied disease aetiologies. Lastly, an example of rigorous investigation on the effects of combined volitional swallowing and NMES to the submental area has been already observed [75, 78] . We anticipate increasing our understanding of this technique in the future with neuroimaging studies, such as the one by Humbert and Joel [79] , showing that electrical stimulation on the anterior neck bilaterally at a (low) sensory level administered during swallowing, activated fewer areas of the motor cortex and the insula.
In the past year, we also observed additional evidence for the effects of pharyngeal electrical stimulation, employing electrical stimulation to the afferents in the midpharyngeal area. Interestingly, this neurostimulation approach has been included in the latest Cochrane review [80] . This form of neurostimulation has been rigorously investigated over the course of recent decades on individuals with nornal swallowing and dysphagic patients. Parameters such as duration of the treatment, repetitions, dose, frequency, intensity have been investigated [81] [82] [83] for the application of this technique in acute dysphagic stroke patients. Moreover, the effects of this neurostimulation technique on swallowing neural mechanism have been investigated with neurophysiological outcome measurements (fMRI [82] ), showing an overt increase in activation of sensorimotor cortex compared to no stimulation. Further neurophysiological evidence was gathered with TMS [81, 83] , physiological [81, 83] and clinical functional measurements [83] . Evidence from a recent RCT favors the use of this technique once a day for 3 days only in acute stroke patients (up to 2 weeks post-stroke) as an adjunct to mainstream swallowing therapy [83] ; indeed we anticipate the results from long-term follow-up studies in acute stroke patients and larger multi-center trials. Additionally, a pilot randomised controlled study with pharyngeal electrical stimulation applied for five consecutive days on patients with multiple sclerosis, showed significant improvement in physiological and functional measures (penetration-aspiration scores) [84] . However, the duration of the treatment chosen by the research team was arbitrary, while the inclusion criteria for the patients with multiple sclerosis (MS) with regards to the exact period of clinical manifestation of dysphagia (relapsing-remitting vs. progressive vs. secondary progressive MS) requires further investigation.
Overall, the above reviewed approaches utilise the results and evidence from the same spectrum of animal studies as a means to validate the use of enhanced input to the afferent pathways of swallowing. However each of these techniques employ different mediums, modalities and localisation of electrode placements (for those with electrical stimulation). One of the questions usually raised at this point is whether each of the aforementioned different techniques would produce different neurophysiological and functional gains. However, these neurostimulation techniques are different in nature and the research teams used different primary and secondary outcome measures, except for penetration-aspiration scores. Lastly, the level of evidence of these studies (cohort studies, RCT) certifying the efficacy of the approaches is not the similar to allow comparisons.
Central Neurostimulation
In recent years, there has been an increase in the number of studies using central neurostimulation experimentally for dysphagia rehabilitation. The motor cortex, which mediates motor execution, has been the focus of the published research on central neurostimulation approaches. The neurostimulation technique mostly used has been repetitive TMS, which can excite a number of descending volleys from the area stimulated. The ultimate goal in these recent studies in dysphagia has been to manipulate the cortical neuronal processes and assist in the reorganisation of cortical representations in dysphagia following stroke. What is clearly observed in the literature is that researchers have been utilising rTMS while following different working hypotheses. In addition, different cortical musculature representations, i.e. representations of upper oesophageal sphincter [85] , mylohyoid [86, 87] , pharyngeal [88 • ], have been targeted with varying parameters or intensities.
In the absence of a metanalysis, here we examine those trials with the highest level of evidence in the past year (randomised controlled trials, RCTs). Park et al. [88 • ] have used physiological and functional outcome measurements to study the effects of contralesional 5 Hz (excitatory) rTMS delivered for 2 weeks to the pharyngeal MI, based on observations made earlier for the role of this hemispheric projection in the recovery of swallowing in stroke patients [34] and the evidence for the effects of 5 Hz rTMS restoring the inhibitory effects of a 'virtual lesion' when applied contralaterally [89] . Park et al. [88 • ] concluded that this neurostimulation technique can produce beneficial changes in aspiration and pharyngeal residue 2 weeks posttreatment. In another RCT, Kim et al. [87] , used functional measurements (functional scales and penetration-aspiration scale) to measure changes in acute and subacute dysphagic stroke patients following 2 weeks of 5 Hz rTMS to the ipsilesional mylohyoid cortical representation delivered at low and high frequencies and including a sham arm. They concluded that both outcome measurements improved significantly in the low frequency group.
It is important to mention that the above RCT studies with small sample sizes showed changes in dysphagia measurements, but used different parameters in their protocols. Some of those parameters are the following: (a) intensities, (b) location of neurostimulation (affected vs. non-affected), (c) muscle cortical projection/representation targeted, and (d) functional measurements of dysphagia rehabilitation (apart from a single one measurement, penetration-aspiration scores were used in both Kim et al. [87] and Park et al. [88 • 
Similarly, the effects of tDCS have been also investigated in dysphagic stroke population, but again the results are inconclusive when all studies are taken together. Although as previously, studies in healthy swallowing have been conducted in the past [90] , researchers have used different neurostimulation parameters for their studies in patients, without clear rationale for the dosage of the neurostimulation approach. A single-blinded RCT with 20 stroke patients randomised to either anodal stimulation of the ipsilesional or sham stimulation showed beneficial functional outcomes, when used as an adjunct to traditional swallowing therapy [91] . The parameters in this trial were again different to the parameters used in earlier case-controlled studies in patients (i.e. affected vs. unaffected [92, 93] ). Therefore, no direct conclusions can be reported for the utilisation of this technique; however, results look promising and we are looking forward for some additional results for the optimal dosage and parameters, alongside the correct electrode placement over the cortex.
Point-of-View
Fact One All the above studies with central-brain neurostimulation showed beneficial changes in dysphagia. Dysphagia severity and stroke types varied across groups in both studies.
Fact Two The additional differences between these studies are the different parameters and the different cortical representations targeted (pharyngeal, upper oesophageal, mylohyoid). In one research study, excitatory neurostimulation was used to the ipsilesional mylohyoid cortical representation [87] , while in the other excitatory neurostimulation was used to the contralesional pharyngeal MI [88 • ].
One could easily arrive at the conclusion that the effects of brain neurostimulation can also be 'cortical representationtarget' specific, i.e. excitatory stimulation to the unlesioned pharyngeal MI, excitatory stimulation to the lesioned mylohyoid representation.
However, it might be hard to understand that this might be the case by reviewing only these small-sample studies from different laboratories. Moreover, there is valuable information missing about the overall effects and any potential spread on surrounding musculature representations.
In addition, previously with TMS studies, we have observed that pharyngeal, mylohyoid and oesophageal cortical representations show some overlap but also topographic differences [94] , which is also validated by fMRI studies [95] . We have also observed that in patients pharyngeal electrical stimulation post-stroke increased the map size of the pharyngeal musculature cortical representation but induced a reciprocal contraction for the oesophageal cortical representation [81] . Therefore, from a neuroscientific point-of-view, it would be of interest to understand whether by exciting or inhibiting one particular cortical representation (i.e. pharyngeal MI) we could provide adaptive or non-adaptive processes to other cortical representations important for swallowing (i.e. oesophageal).
Moreover, it would be interesting to have the following important information: (a) what are the effects of a single application of neurostimulation to dysphagic patients and which is the optimal dosage of a therapeutic regimen, and (b) the extent to which training and behavioural exercises, that can be the usual routine care plan for the dysphagic patient, affect the results of the application of brain stimulation approaches. To elaborate on this latter question, it is worth mentioning that tDCS was observed to produce results due to changes in GABAergic networks [96] and, recently, Zimerman et al. [97] reported that older age participants experienced substantial improvements in the acquisition of novel skills when training was applied concurrent with tDCS. From a clinical perspective, it is really interesting to observe that the effects of neurostimulation approaches can boost and assist conventional therapy for dysphagia, returning patients to clinically functional swallowing state.
Combining Peripheral and Central Neurostimulation
Pairing peripheral and central neurostimulation is another promising technique. This neurostimulation technique, called paired associative stimulation (PAS), is capable of provoking long-lasting heterosynaptic plasticity in neuronal pathways following combination of peripheral stimuli in the targeted muscle with cortical stimuli over the targeted muscle representational area on MI [98] . The concept of this technique derives from evidence that peripheral input plays an important role in plastic reorganization of motor areas and can lead to long-lasting changes in cortical excitability of the targeted area. Research in animal neocortical slices have shown that when a weak excitatory synaptic input repeatedly arrives at a neuron shortly before the neuron has fired an action potential, then the strength and efficacy of that connection is increased, whereas if the input arrives after the neural discharge, the strength of the connection is reduced [99, 100] . Bi-directional modulation of synaptic efficacy in this manner is termed Hebbian plasticity [101] . For the swallowing neural system, the neurostimulation parameters have been investigated in detail (dose, duration, intensity, frequency) in healthy participants [102, 103] and the application of the technique on chronic dysphagic stroke patients showed promising results on neurophysiological and functional measurements in a sham-controlled randomised study [103] . Additionally, using magnetic resonance spectroscopy, with which we can quantify the concentrations of neurotransmitters, it has been demonstrated that one of the underlying mechanisms accounting for the changes observed following PAS on the cortical motor pharyngeal representation, involves changes in intracortical glutamate levels within motor cortex [102] and recently, we have also observed changes in the major inhibitory neurotransmitter, GABA, when PAS is applied in health [104 • ]. This is perhaps one of the neurostimulation paradigms in swallowing neurorehabilitation that has been investigated extensively, with research studies investigating not only the parameters (repetition within a treatment session, frequency, duration, [102, 103] repeated application for responders vs. non-responders to a single application [105] ), but also the underlying mechanisms to account for the changes observed in health and dysphagic stroke patients.
Conclusions
Overall, recent research studies investigating the effects of neurostimulation approaches for dysphagia rehabilitation have shown promising results. There is some paucity that neurostimulation techniques will be viewed as powerful tools in the hand of a rehabilitation clinician in the future. However, currently the field of neurorehabilitation science in dysphagia is diverse in nature and methodological differences across research studies are accentuating the need for further investigations.
It is important to continue research into neurostimulation techniques for swallowing rehabilitation for two reasons. Firstly, there is a potential avenue for clinical utility of neurostimulation in dysphagia rehabilitation clinics. Secondly, by studying how we can modulate the swallowing network, the optimal time-window for swallowing modulation and the exact neurophysiological and behavioural effects of neurostimulation, we will be able to accumulate much knowledge about the adaptive changes we can promote to our patients.
Performing studies with neurostimulation in healthy population and understanding the roles of the different stimuli on swallowing neural network may eliminate several factors that play a role during rehabilitation sessions in the clinics. Interestingly, factors such as individual differences, attention span, fatigue and pre-learned skills have been shown to affect the modulability of neuronal processes with neurostimulation [105] [106] [107] . Recently, we have also observed evidence about the contrasting effects of the common polymorphism of BDNF on neurophysiological outcomes in experimentally induced plasticity paradigms in the intact human pharyngeal motor cortex [108] , which is indicative of the fact that a more detailed understanding of the genetic basis of cortical plasticity of human swallowing motor pathways is warranted. Lastly, physiological studies in health are a vital perquisite prior to applying these treatments to patient populations, but only a few neurostimulation techniques have been investigated for their effects on both physiological and neurophysiological outcome measures. In patient populations, studies from all the different levels of evidence: case series, cohorts, case-controls and RCTs are important, prior to the adaptation of the techniques by dysphagia specialists.
Even though we already commented above on each neurostimulation approach applied in patients, it would be of interest to add that we still have unanswered questions that, if addressed, will assist not only the application of neurostimulation but also the dysphagia rehabilitation field in general. For instance, most of the neurostimulation approaches have been vastly researched in stroke patients. Applying neurostimulation approaches to different disease aetiologies and accounting for several factors while measuring neurophysiological and functional outcome measures, will provide us further information about the endogenous plastic changes in humans with regards to swallowing function. In the literature, the differences in parameters of each of the neurorehabilitation technique have proven to be more confusing than comforting. Formulation of a hypothesis needs always to precede the interventional studies. Notably, central, peripheral and combined neurostimulation need further investigations on that account. Therewith, our field will benefit from multicenter trials with larger number of patients testing in a controlled manner the effects of neurostimulation approaches that have previously shown promising results when tested in small sized RCTs.
We, as clinicians working in accordance with evidencebased practice framework, should provide safe, comforting and beneficial neurorehabilitation to our patients for speedy recovery of swallowing function, arresting the maladaptive behaviours and increasing the potential of adaptive processing following disease. Hopefully, in the near future, we may be able to achieve this with a combination of tools, including neurostimulation. 
